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STUILITY C H K R A C ~ I C S  OF A MODEL EQTTIPPED 

WITH A V-P W I G  

By Charles J. Donlan and William C. Sleeman, Jr. 

SUMMARY 

An investigation has been made t o  determine the longi tudind 
s tabi l i ty   character is t ics  of a c q l e t e  model equipped w i t h  a variabl- 
meep wing a t  angles of sweepback of 45O, 30°, l 5 O , '  and Oo. The 
investigation was directed toward the  study of various w i n g  modifications 
and an external"flap arrangement  designed t o  min im ize  'the shift in neutral  
point accompanying the change in meep angle. . 

The results indicated that s t a b i l i t y  at the stall was obtained at a 
w sweep angle of 15' without recourse to stall-control  devlces. Ths basic 

" neutral-point movement accompanying the change in m e e p  angle from 45O 
' t o  15O amounted t o  56 percent of the mean aerodynamic chord ( a t  zero sweep 

angle) and the  most.effective  modification  investigated only reduced t h f a  

i n  which the fuselage is the major load-zarrying element some relat ive mve- 

.;; - . -  change t o  47 percent o f . t he  chord. It appears,  therefore, that for designs 

f '  ment between the wing and center of gravity will be required  to  assure p: 
I r aatfsfactory  s tabi l i ty  at all sweep angles. 

IXS'RODUCTION 

T, 
r. 

The use of mept w i n g s  on high+peed amlanes has introduced  serious 
longitudinal- and lateral-atab-ty problema at low speeds. Many h i g b  
lift and stal l -control  device8 have been investigated  in an attempt t o  
Fmprove the low-apeed characterist ics of h i m  megt wings but no  con+ 
pletely  satisfactory  solution has been found. One obvious method f o r  
avoiding  the low-speed  problems associated w i t h  h i m  m p t  wings 
would be t o  employ a wing  whose sweep m e  could be varied in flight. 

the w i n g  could be adjusted t o  any desired sweep angle; whereas, f o r  the 
landing  condition,  the sweep angle could be decreased t o  an angle that 
would assure  satisfactory low-apeed characterist ics without  recourse t o  
s ta l l -control  devices. 

:*-;mm, for maximum h i g h p e e d  flight and optimum crufsing perf.orplance, 
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The present paper presents  the  results of a wind-tunnel investigation 
of a complete model equipped wlth a wing whose sweep angle could be varied 
f o r  the purpose of studying  various w i n g  modifications  designed t o  decrease 
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the l a r g e  forward. movement of the neutral point that was found in 
reference 1 t o  accompany the  decrease in 'sweepback. Much of the bade u 

data is presented in reference 1 but in  that paper the pitching+noment 
coefflcients are based. on the mean aerodynamic cliord aseociated  with * ,  

each sweep angle and the aseunmed pitching+mneat  reference axis was B 
a t  25 percent of the mean aerodynamic  cho+ for each eweep angle. I n  I 

the  present paper  a cammon chord and common reference axis were used 
i n  computing the pitching-nt coefficients for all sweep angles 
investigated. 

4 

The results of the tes ts  are presented  a8 etandard-XACA coefficients 
of forcea and maments. Pitching-mament coefficient8 are given about the 
cente?+of+avity location shown in figure I. (25  percent of the mean 
aerodynanic chord at Oo sweep). The data are referred. t o  the   s tab i l i ty  
axes; the  poeitive  directions and angular displacement6 are shown in 
figw;.e 2. 

c 

The coefficients and symbols are defined a8 follows: 

lift coefficient (~irrt/qs) 

t a i l d f  f lift coefficient 

longitudinal-f  orce  coefficient (X/@) 

pitchingaaent   coeff ic ient  (M/qSc* ) 

free-etream dynamic pressure, p o d s  per square foot (pv2/2) 

w i n g  area  without  cutout, square feet (varies w i t h  
angle of sweep) 

horizontal-tail area, square fee t  

- airfoi l   sect ion chord, f ee t  

. w i n g  mean aerodynamic chord (1.181 f t  f o r  A = 0') 

w i n g  t i p  chord measured parallel t o  plane of  symmetry, feet  

w i n g  root chord a t  plane of symmetry, f ee t  

w i n g  epan, feet 

air velocity,  feet  per second 

4 

? 
a '. 
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P 

c I 

.P mass density of air, slugs per  cubic foot 

a angle of attack of fuselage  ceater line, degreeB 

A angle of sweepback of quarter-chord line of w, hegreea 

it angle of s tab l l izer  w i t h  respect  to  fuselage  center line, 
degrees 

x w i n g  taper r a t i o  ("t/+) 

Ef flap  deflection, degrees 

tail-ff aerodynamlc-center location, percent wing mean 
aero-c c h ~ r d  f o r  A = 0' 

I 

I 

I 

! 

"p f o r  A = 0' 
neutral-point  location,  percent wing mean aerodpanic chord 

The model used i n  this investigation  (fig. 1) had wing pane- which 
could be rotated about a polnt on the  quarter-chord line t o  angles of 
sweepback of 45O,. 30°, 15O, and Oo. A t .  45O sweep the wing t i p s  were 
parallel t o   t he  plane of symmetry. The geometric characterist ics of the 
model are  tabulated in  table  I. The model is shown mounted on a si@+ 
support s t r u t  in the Langley 300 MPH 7- by 10-foot  tunnel in figure 3 
Details of the  various w b g  modifications  investigated are given in  
figure 4 and ta3le I. Photographe of the model with the external air- 
f o i l  f laps  installed (~f = W) are presented in figure 5. 

Structural  limitations of the model w i n g  determined the maximum 
chordwise dlmensione of the  cutout which w a ~  comple%el.y enclosed within 
the fuselage -at 45O sweepback. 

TESTS 

Test  Conditions 

The t e s t s  were made at  a m c  pressure of 30 pounds per square 
foot, which corresponds t o  an, airspeed of about lo8 miles per hour. The 
t e s t  Reynolds nuinber w a s  appro-tely 1.2 x lo6 based on the wing 
chord of 1.181 fee t  (c* a t  A = Oo) . The degree of turb,Once of the 

I 
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I 

tunnel is not known, but--is  believed  to be .d became of the large 
contraction ratio (14 t o  I). 

The aerodynamic coefficients for a l l  configurations were based on 
the wing ar0a without  cutout. All$pitching-mnment data were based on  a 
chord‘of 1.181, f ee t  ( cs   a t  A = 0 ) a  

Correct ion6 

The data have not been corrected for tares  caused by the model- 
support  system inaamuch as, with  the arrangament uaed, the ta res  are 
believed t o  be small, Jet”boundary correctlow have been applied t o  the 
angles of attack,  the drag coefficients, and the tai l -on pitching-mament 
coefficients. The correction6 were  computed by me of reference 2, which 
unpublished calculations have indicated t o  be satisfactory f o r  sweep angles 
up t o  450. 

All forces and mcsnenta were corrected f o r  blocking by the method given 
in  reference 3. An increment of longitudinal-force  coefficient has been 
applied t o  accounk for  the  horizontal buoyancy. 

The basic  aeromamic  characteristics of the model are presented i n  
figures 6 t o  9. The longitudinal-stability p&ametere are pesented in  
figures 10 t o  15. For convenient-reference, an outline of the summary 
figures preeenting the results is given 88 folluwa: 

Figure 

Variable sweep: 
( a ) E f f e c t o f s w e e p . .  . . . . . . . . . . . . . . . . . . . .  10 

(c)  Effect of vertical location of 
(b) IWTect of faired  cutout . . . . . . . . . . . . . .  11, 12, and 13 

horizontal t a i l  . . . . . .  12(a), 12(b), 12(c),, 12(d), and 14 . .  

Modifications t o  model w i t h  15O sweep: 
(a) Barsic t a i l  position 

1. Effect of cutout  profile and s ize  . . . . . . . . . .  12(a) 
2. Effect-of  flap  deflection . . . . . . . . . . . . . .  12(c) 
3. Effect of-sharp leading edge. . . . . . . . . . . . .  12(e) 
4. Effect of wing vane . . . . . . . . . . . . . . . . .  12(f)  

1. Effect of faired  cutout -. . . . . . . . . . . . .  12(c), 12(d) 
2. Effect of flap deflection . . . . . . . . . . . . . .  12(d) 

(b)  Alternate t a i l  position 

I 

c 

b 

c 
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Basic  Configurations 

5 

, Effect of sweep 6, wing without cu%outs.- The destabilizing 
movement of the  neutral-point  location as the wing sweep angle 
decreased amounted t o  about 2 percent of t he  chord (c' a t  A = Oo) per 
degree change i n  sweep a n g b  (fig. 10). Emanruch 8 8 '  the parameters 
affecting  the t a i l  contribution t o   s t a b i l i t y  shar re lat ively minor 
variations w i t h  sweep angle, it would appear that the   ah i f t  in neutral 
point is primarily  associated with the geometric movement of the 
aerodynamic-center position a8 the wing is rotated. Vg t o  about 35' of 
sweep angle  the experimental r a t e  of variation of neutral  point w i t h  
sweep angle is in good agreement w i t h  that estimated f r o m  the B m l e  
geometric  consideration that. the centroid of lfft on each wing panel 
ac t s   a t  25 .percent of the mean aerodpamTc  chord of the wing at each 
sweep angle. 

, For the 30° and 45O eweep configurations, an unstable variation of 
pitching-mbmerrt coefficient with lift coefficient at the high lift 
coefficients is indicated ( f i g s .  8 and 9)  ; whereas, for OO and 15O configu- 
rations,  stable pitching-mament characteristics were obtained in the 
vicini ty  of the 'maximum lift coefficient. 

Effect of sweep angle, wing w i t h  fa i red cut0uh.- If a cutout is 

allowed t o  develop at the  juncture of the wing-root trailing edge and 
the  fuselage  as the wing sweep angle is decreased (figs.  1 and 4), 

model can  occur. It was anticipated that the cutout would move the wing- 
aerodynamic-center position forward somewhat  but that the downwash field 
in the  vicinity of the  horizontal t a i l  would be  changed in such a manner 
that the o v e r "  s t ab i l i t y  of the model would be increaeed. The extent 
t o  which these  effects were manifested at varioue sweep angles is W- 
cated in f igmes ll t o  13.  

8ie;nifiCant Changes in  the  Et&bili ty Char8CteriEtiCs exhibited by the 

. A study of these  data  indicates that the  faired  cutout  afforded 
somewhat greater   s tabi l i ty  than the configuratione I l a v i d  no cutout but 
the o v e r "  effect  on stability is mmll c m e d  to.  the  large changes 
produced by the geometric movement  of the w i n g  aerodynmdc center. The 
effects on the   s tab i l i ty  parameters were greatest at 0' sweep and decreased 
ae the sweep angle was increased. The t a i l  contribution t o  s t ab i l i t y  a t  
sweep angles of Oo and 15O w a s  increased  considerably because of favorable 

I. flow changes at the t a i l  but this beneficial   effect  ~ partially canceled 
by the forward movement of the wing aerodpamlc  center  caused by the 

T 
k 

C U t O L l t 8  

L. The effect  of the  faired  cutout on the  neutral-point  position  for all 
sweep angles is aummrized in  figure 15. 
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I 

Effect of vertical  location of the horizontal t a l l * -  Decreasing the 
height of the  horizontal tail above the w i n g  fYm the baeic  position t o  
tlre alternate  position  (fig. 13 showed little effect on % for the 
'configurations  investigated ' (flgs. l2(a), l2(b), and 14). The s t ab i l i t y  
wae  s l ight ly  lawer at the h m r  lift; coefficients w i t h  t h e   t a i l   i n   t h e  

.n 

alternate  position  aiing mainly t o  a less favorable damwash gradient. 

c 

I .  

u 

Modlsications t o  Model with 15' Sweepback 

Inaamuch as the confi@;uration with 15O sweepback posseseed  favorable 
s tab i l l ty   ckarac te r i s t ics   a t   the  stall, thia  configuration was adopted aa I 

the  basic low-speed-arrangement and various modifications were  investigated 
i n  an attempt t o  reduce the large ( 0 . 3 6 ~ ~  ) basic shift in  neutral   point 
accompanying the reduction in  sweep from 45O t o  19. 

BfYect of Cutout Profile.- The effects of V 6 r i O u S  cutout ~ ~ ~ l l t s  
are  presented i n  figure =(a). From s t ab i l i t y  considerations, the falred 
cutout appeared t o  be superior t o  the W a k e d  cutouts and this arrange- 
ment vas used for the  maJority of t es te  w i t h  cutouts. 

Effect of external  airfoil  flaps.- In  an e f fo r t  t o  ompensate for the d 

forward movement of the aerodynamic center caused by the  cutout and 
a t  the' same time  introduce a f i e l d  of upwaeh in the  vicinity of the  cutout, 
t e s t s  were made of a configuration employing essentially ftiLl+pan e x t e r n a l  
f laps  ( f i g s  4 and 5). The results obtained for the  varioura arrangements 
tested are presented i n  figures 7(c),  T(d), 12(c), and 12(d). A comparison 
of these results with  those f o r  the configuration  without flaps (figs. 7(a), 
7(b), 12(a), and E ( b ) )  indicata that the  f lap caused an additional rearward 
movement of the neutral point of only about 0.02~' (A = Oo) . The f l ap  
arrangement which WRS used in   this   inmatigat ion was not a particularly 
effective one, however, 88 is indfcated by the rather low lift and 
pitching-nt increments produced by the  flap. (compare figa . 7(a) 
w i t h  7(c).) It i s  possible that, w i t h  8 well-designed extemible-slotted-flap 
arrangement, the rearward  neutral-point movement result ing tram the 
deflected f l a p  f o r  the  configuration w i t h  the wing cutout would be  conside; 
ably  Incremed. 

I 

I' I 

Sharp 3 , e a d . i ~ ~  eQe and w i r ~  vane.- Several sharpleadingedge sections 
and wing vanes mounted on the inboard  eections of the w i n g  panel were 
investigated  in an attempt t o  reduce the lift on th i s  portion of the wing 
and thereby  increase  the  atability by reducing the d m s h  gradient. 
None of them  modifications changed the  stabil i ty  characterist ics appreciably. ? 

Typical resul ts  obtained with the sharp leading edge and wing vane are 
presented in  figures E ( e )  and 12(f). 

J .  

* 
c: 
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Design Condderations 
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The variation of t h e   s t a t i c  longi tudinal  stabil i-   characterist ics 
with meepback, and model configuration ie swmmized in figure 15. It 
is evident that a cambination of cwtouts and f laps  can aid in miTI-fm.fzing 
the forward neutral-pint mrwemeKt as the m e p  angle is dacreaeeh 
t o  15O but that t r a n s h t i o n  of the wing is required t o  cnmpeusate f o r  the 
greater  portion of the  neutral-point m e e n t  For the sweep range 
investigated it. would be necessary t o  t ranslate  the wing rearward 
roughly 0 . 5 ~ '  (A = 0') as the sweep angle is decreased t o  15O in order 
t o  maintain a constant.  locatlon of the neutral. point. It I s  probable 
tbat a sweep angle greater than 15O (but l e a s  than 30°) would be a a t i s  
factory f r o m  1ow"speed d b i l l t y  considerations. If, f o r  a pmticulaz 
design, the  extent of l o n g i t u d i ~ . w i n g   t r a m l a t i o n  i a  limited,  the 
maximum sweep angle f o r  which adequate low-speed s tab i l i ty  characte- 
i s t i c s  are atta'inable should be determined from Wind"tunne1 exper-nts. 

Although the incorporaWon of a w i n g  capable of t raaslat ion as w e l l  
as rotat ion affords formidable s t ruc tura l  problama, the  potential  aer- 
m c  rew- incident t o  their solution axe significant. The a b i l i t y  
t o  adjust the tmeep angle in flight not only makes it possible t o   u t i l i z e  
the most eff ic ient  sweep anglew f o r  high speed and cruising performance 
but assures s tab i l i ty  in the landing configuration  without recourse t o  

s l o t s  or other  stdl-con-kol devices. The more eff ic ient  moderately 
wept hie-aspect-rat io  w i n g  used f o r  the landhg condition can ale0 be 
equipped w i t h  conventional high-lift devices and thus provide minimum 
landing speeds .* The wing  sweep angle could be adjusted in flight for 
optimum crulsing  configuration, and f o r  the  higheet sweep q l e s  the wing 
can be t rans la ted   to  campensate partly far the s t a b i l i t y  changes 
usually encountered a t  .the higher &ch ntmibers w i t h  8wep-t w i n g s .  

It appears Worn law-speed s t a b i l i t y  data that the  cutout formed at 
the wing--fusela.ge jupcture as the w'ing is . rotated forward is 'beneficial. 
If high speeds are contemplated with  intermediate aweep angles, hmever, 
model t e s t s  a t  higher Mach number8 will be required t o  evaluate the  effect 
of these  cutouts. 

The amount of wing t r amla t ion  required is d e o  dependent OR the ~ & B B  
distribution of the airplane asid the  location of the w i n g  pivot goint. The 
w e i g h t  of the wings, the  locatlon of wing fuel tanks as w e l l  as fuel tanks 
i n  other par ts  of the airplane, and the plan f o r  emptying the fuel   tanks 
in  flight must be cansf(@red in  evaluating the stabilfty of the a9ypla.m. 
In the  case of a va.riiable+weepback flying wing, f o r  example, the center of 
gravity would move almost as much as the aero-c center of the wing. A 
study of the unlimited configuratfons that could u t i l i z e  cente-f"vity 
movements created by expendable fuel asd noving st ructural  elements is, 
however, beyond the scope of t h i s  paper. 

I 

I 



a NACA RM L918 

CoNCL~Iom 

The resu l t s  of a low&peed wind-tmel  investigation of a corqlete 
model having a variable+tweep wing which w-as t e s t ed   a t  450S 30°, 15*, 
and 0' sweepback indicated  the f Ollowing conclusions: 

l . .oStabili ty  at   the stall was obtained for the  configuration 

2. The shift in  neutral  point 88 the sweep w-aa varied fram 45' 

with 15 sweepback without  recouree t o  stall-control devices. 

t o  15' waa decreased from 56 percent of the chord f c * a t  A = Oo) i n  
the  original case t o  47 percent by. the most effective cambinatioq of 
the  modifications  teeted. 

I 

L 

I 

'4 

I 

3. It 8e8rmJ unlikely that sat iefactory  s tabi l i ty  for all f l i gh t  
conditions can be achieved w3th a variable-sweep wing without  recourse 
t o  relative  translation between the w i n g  end the center of gravity o$ 
the airplane, 
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Center of gravity, all sweep angles, percent chord (c' at A = Oo) . 25 
. I  

! 
wing: . .  

Root and t i p   s e c t i o m  . . . . . . . . . . . . .  mAcA 651-~0(a = 1.0) 
Widence  (root chord t o  center line of fuselage), degrees . . . .  o 

Horizontal %ail: 
A i r f o i l  section ....................... W A  6 m 0 8  
T o t a l  area; sq f t  . . . . . . . . . . . . . . . . . . . . . . .  1.625 
Aspect r a t i o  . . . . . . . . . . . . .  -. . . . . . . . . . . .  5.0 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.50 
span, ft . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -. 2.85 

External a m o i l  flap: 
Airfoil   section . . . . . . . . .  . . . . . . . . . . . . . .  23012 
Span, percent win@; span a t  A = 15 . . . . . . . . . . . . . . .  64.5 
Chord, percent  ct ( A =  Oo) . . . . . . . . . . . . . . . . . . .  14.1 " 

! 

I 

I 

I 

! 

I 
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Figure 1.- Drawing of mrlablssweep model showing different weep configurations and horizontal-tail 

locations. 
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Figure 2.- System of axes and control-surface  hinge m o m e n t B  and 
3eflections.  Positive values of forces,  moments, and angles 
are indicated by arrowa. Positive valuea of tab hinge 
moments and deflections a r e  in the same directions as the 
positive  values for the control  surfaces to whlch the tabs 
are attached. 
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(b) Rear view. 

Figure 5.- Concluded. . 
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F i v e  6.- Aerodynamic  characteristics of a variable-sweep model with 
and without faired wing cutout. A = Oo. . 
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(a) Concluded. 

Figure 7.- Continued. ' 
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(b) Alternate tail position. 
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Figure 7.- Continued. 
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Figure 7.- Continued. 

I 

! 

I 

I 

I 

I 

I 

L 

! 



28 NACA RM ~ 9 ~ 1 8  ! 

I 

Figure 7.- Concluded. 
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. Figure 8.- Aerodynamic  characteristics of a Variable-meep model w i t h  
and without faired wing cutout. A = 30°. 
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(a) &sic tail position. 
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Figure 9.- Aerodynamic  characteristics of a variable meep model with 
two horizontal-tail posi t iom. A = 45'. 
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Figure 11.- bngi tudinal-atabi l i ty  parameters of a variable-sweep model - w i t h  and without faired' wing cutout. A = Oo. 
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Figure 12.- Continued. 
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Ffgure 12.- Continued. 
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Figure 13.- lhqitudlnal4ability parameters of a vaziable-eweep model 
with and without fafred wing cutout. A = 30'. 
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